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1112-143 Chronic Effect of Cardiac Resynchronization Therapy 
on Functional Mitral Regurgitation in the Advanced 
Systolic Heart Failure
Kazuya Murata, Rikimaru Oyama, Nobuaki Tanaka, Yasuyuki Hatano, Eizo Akagawa, 
Akihiko Shimizu, Masunori Matsuzaki, Yamaguchi University, Ube, Japan
Acute and chronic effects of cardiac resynchronization therapy (CRT) on functional mitral
regurgitation (FMR) in severe systolic heart failure and thier mechanisms were not still
elucidated. Nine severe heart failure patients with wide QRS complex duration
(>140msec) and FMR received CRT were studied. pical 4- and 2-chamber views were
obtained by tissue Doppler imaging before and one week and 6 months after CRT. Total
Eight regions of interest were placed on mid and base of IVS, posterior, anterolateral and
inferior wall. Time interval from end-diastole to the timing of peak systolic velocity (T-Sm)
in each ROI was obtained and coefficient of variation (CV=standard deviation/mean) of T-
Sm was calculated as an index of LV asynchrony. Mitral valve area (MVA:cm2) and mitral
leaflet tethering lengths defined as the distance between the papillary muscle tips and
the contralateral anterior mitral annulus were measured in the apical 4- and 2-chamber
views and sum of tethering lengths (TLs) was obtained. LV sphericity index (SI: ratio of
LV short- to long-axis dimension in apical four chamber view) was estimated. MR regur-
gitant fraction (MRF:%) was calculated by pulsed Doppler method. Results: CV and
MRF tended to improve one week after CRT (from 0.33 to 0.16, from 64 to 61%, respec-
tively), although LV dimension and MVA unchanged. Six months after CRT, CV and SI
improved (from 0.33 to 0.14 %, from 0.74 to 0.71, P<0.05, respectively) and TLs short-
ened (from 87 to 76mm, P<0.01). MVA and MRF also improved 6 months after CRT(from
9.5 to 8.1cm2, from 64 to 57%, P<0.05, respectively) .Conclusion: In addition to the
improvement of LV synchronicity, the improvement of LV sphericity and tethering effect
caused by reverse remodeling of dilated LV played an important role for reduction of FMR
in chronic phase after CRT.
1112-144 Evaluation of Left Ventricular Function in Pediatric 
Sickle Cell Anemia Patients Using the End Systolic Wall 
Stress-VCFc Relationship
Luke Lamers, Greg Ensing, Caren Goldberg, Robert Gajarski, University of Michigan 
Congenital Heart Center, Ann Arbor, MI
INTRODUCTION: Abnormalities in myocardial function have been documented in sickle
cell anemia (SCA) patients (pts.) using load-dependent indices. Whether the systolic dys-
function results from impaired myocardial contractility or altered loading conditions is
unknown since studies using a load-independent measure of contractility have not been
performed.
PURPOSE: To identify differences in myocardial contractility using the load-independent
end-systolic wall stress (ESSm)-VCFc relationship in SCA pts. compared with age-
matched African American (AA) controls. 
METHODS: 50 healthy AA and 57 SCA pts. 3 mo to 17 yrs were studied. Simultaneous
indirect carotid or brachial pulse tracing, phonocardiogram, ECG, and M-mode tracing of
the LV short-axis were recorded. LV dimensions, ETc, % FS, VCFc, and ESSm were
determined. Using linear regression, the ESSm-VCFc relationship was calculated and
compared between groups.
RESULTS: Age, BSA, and BP were similar between groups. SCA pts. had increased LV
dimensions in systole and diastole, and increased LV mass (p<0.01).
CONCLUSION: SCA pts. have significant LV dilatation consistent with increased preload
and elevated afterload which may contribute to increased ETc and lower FS. Load-inde-
pendent assessment of myocardial function suggests that SCA pts. have reduced con-
tractility compared to controls. These findings may be due to long-standing volume
overload associated with chronic anemia or an effect of microvascular coronary changes
secondary to SCA.
1112-145 Determinants of Severe Pulmonary Hypertension in 
Patients With Severe Aortic Stenosis
Nikhil Kapoor, Padmini Varadarajan, Ramdas G. Pai, Loma Linda University Medical 
Center, Loma Linda, CA
Background: Aortic stenosis (AS) is an increasing problem with the aging population.
Presence of significant pulmonary hypertension in these patients increases the operative
morbidity and mortality. We explored the determinants of severe pulmonary hypertension
in patients with severe AS.
Methods: Our echocardiographic database between 1993 and 2003 was searched for
patients with severe AS defined as a Doppler estimated aortic valve area (AVA) of <0.8
cm2. 949 patients were identified. 626 patients had measurable tricuspid regurgitation
velocity signals forming the study cohort. Doppler estimated pulmonary artery systolic
pressure of >60 mmHg was considered as severe pulmonary hypertension (PHT).
Results: Patient characteristics: age 74+13 years, 50% women, EF 54+20%, AVA
0.74+0.4 cm2. Of the 626 patients, 146 (23%) had severe PHT. Patients with severe PHT
had a smaller AVA (0.65+0.18 vs 0.72+0.19 cm2, p<0.0001) and AVA index (0.37+0.10
vs 0.41+0.11 cm2/m2, p=0.02), lower EF (42+21 vs 56+20%, p<0.0001), larger LV end-
systolic (52+9 vs 49+ 8 mm, p<0.0001) and end-diastolic dimensions (38+10 vs 33+10,
p<0.0001) and a lower relative wall thickness (0.51+0.13 vs 0.56+0.15, p=0.0002). They
also had a greater preponderance of 3 or 4+ mitral regurgitation on a 0-4 scale (55 vs
23%, p<0.001) and a trend towards female preponderance (62 vs 53%, p=0.07). Age, LV
wall thickness and transaortic gradient were not predictive. The independent predictors of
severe PHT were lower EF (p=0.001), greater degree of mitral regurgitation (p=0.0003)
and smaller aortic valve area (p=0.04). In those with EF<40%, the prevalence of severe
PHT was 38% increasing to 52% when AVA was <0.5 cm2.
Conclusions: 1) Severe pulmonary hypetension occurs in about a quarter of patients
with severe AS. 2) It is associated with a smaller AVA, low EF and greater degree of
mitral regurgitation. 3) These findings have implications in the timing of aortic valve
replacement in severe AS.
1112-146 Clinical Predictors and Characteristics of Patients With 
Intra-pulmonary Shunts
Richard A. Santa-Cruz, Matthew D. Pearson, Mauricio G. Cohen, Roshan Shrestha, Park 
W. Willis, IV, Alan Hinderliter, Venu Menon, University of North Carolina, Chapel Hill, NC
Background: Acquired pulmonary arteriovenous shunts are a known complication of
chronic liver disease. A systematic evaluation of the incidence and predictors of intra-pul-
monary shunting (IPS) in patients with liver disease being evaluated for transplantation
has not been previously performed. Methods: We prospectively evaluated for the pres-
ence of IPS in 204 consecutive patients who underwent an echocardiogram with an agi-
tated venous saline contrast bubble study as part of their pre-transplant evaluation. IPS
was diagnosed by the appearance of saline bubbles in the LA after > 3 ventricular beats
post initial appearance in the RA. The shunt size was measured utilizing still frame
images in the apical four chamber view. The bubble count was taken at the heaviest con-
centration still frame and scored using a quantitative scale by two independent observ-
ers. Discordant results were adjudicated by consensus. Results: IPS was documented in
115 out of 204 patients (56.4%). Patients with IPS were more likely to have a history of
alcohol abuse (64.8% vs. 46.9%, p=0.01) and more severe liver disease (Child-Pugh
Class C 72% vs. Class B 54% vs. Class A 44%, p<0.05). No difference was found in alti-
tude of residence for patients with and without IPS (781 vs. 625 feet above sea level
respectively, p=0.11). No differences were also seen in age, sex, body mass index,
smoking, pulmonary function tests, room air PaO2, estimated pulmonary artery pressure,
liver function tests or underlying etiology of liver disease in patients with and without IPS
(all p=NS). Room air PaO2 was significantly higher in patients with Grade 1-2 vs. Grade
3-4 IPS (88mmHg vs. 82mmHg, p<0.04). Two out of 110 (1.8%) patients with evidence of
IPS fulfilled criteria for the Hepatopulomary Syndrome (IPS with liver disease and a PaO2
of less then 60mmHg). Conclusions: The prevalence of IPS in patients with liver dis-
ease was 56.4%. IPS was associated with a history of alcohol abuse and worse class of
liver disease. Increasing IPS grade correlated with worsening room air PaO2. The impact
of IPS positivity and grade on transplant listing and outcomes needs to be determined.
We recommend a saline contrast study should be performed on all patients with liver dis-
ease.
1112-147 Echocardiographic Manifestations of Obstructive Sleep 
Apnea Syndrome at Rest and With Dobutamine: A 
Guide to Effective Medical Management
Antonio Q. Chan, Marietta Abalos Galito, Estrellita Recaro Lua, Noel Antonio, Michael 
Philip Chan, Rosalinda Yutangco Mandreza, Peter Oliver Chan, Zhuo Wen Chen, 
Stanford University Medical Center, Stanford, CA, Chanwell Clinic, Cupertino, CA
Background: Obstructive sleep apnea syndrome (OSA) causes profound disturbance
on cardiovascular physiology. Untreated OSA leads to hypertension that in turn increases
the risks for coronary heart disease, pulmonary hypertension, heart failure and arrhyth-
mias later on in life. We examined the various echocardiographic features on OSA
patients and use these findings to triage patients for aggressive medical management.
Methods: All patients with documented OSA underwent resting echocardiogram (Recho)
and Dobutamine echocardiogram (Decho).265 patients (Male: Female 1.1:1 ages range
32-88) with OSA were entered in the study. Results: Recho: 252 (95%) have diastolic
dysfunction (DDF), 217 (82%) have concentric left ventricular hypertrophy (cLVH), 119
(45%) have pulmonary hypertension (pHPN), 90 (34%) exhibited left ventricular dysfunc-
tion. Decho: 140 (53%) have segmental wall motion abnormality (SWMA), 225 (85%)
have dobutamine-induced left ventricular end-systolic intra-cavitary gradient (LVESG),
maximum gradient range 22-220 mmHg, mean 10-62 mmHg, 69 (26%) have combined
SWMA, and LVESG, 156 (59%) have LVESG but no SWMA. 109 (41%) were shown to
have coronary artery disease by coronary angiogram. DDF and cLVH were present in the
Healthy AA Sickle Cell Anemia p-value
Fractional 
Shortening %
41 +/-4.3 38  +/-5.8 <.01
ETc (msec) 334  +/- 23.7 350  +/- 27.9 <.01
VCFc (circ/s) 1.23 +/- .14 1.09 +/- .19 <.01
ESSm (g/m2) 32.8 +/- 13.5 41.0 +/- 15.3 <.01
ESSm-VCFc 
relationship
VCFc=1.48-
.077(ESSm)R=0.7
VCFc=1.40-
.08(ESSm)R=0.7
<.01
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younger age group (32-40 years), whereas pHPN (after age 40) and coronary artery dis-
ease (after age 50) tended to occur in higher frequency later in life. All patients were
treated with continuous positive airway pressure, weight reduction, angiotensin blocking
agents, aspirin, statins and coronary interventions when indicated. 252 (95%) demon-
strated improvement in quality of life measurement. Conclusion: OSA causes profound
adverse effects on cardiac functions that lead to a host of echocardiographic abnormali-
ties. We recommend that Recho be performed in all patients with OSA, and Decho be
part of the workup of OSA patients after age 55 to guide effective medical management
of these debilitating illnesses.
1112-148 Two-Dimensional Point-to-Point Measurements and 
Best Slice Algorithm Improve Accuracy of 
Echocardiographic Left Ventricular Mass 
Determination: A Magnetic Resonance Imaging 
Correlation in Humans
David S. Owens, Christopher K. Dyke, Andrew E. Arai, Jonathan F. Plehn, National 
Institutes of Health, National Heart Lung and Blood Institute, Bethesda, MD
Background: Left ventricular mass (LVM) is a powerful predictor of cardiovascular out-
come and serves as a focal point in epidemiologic and therapeutic studies. Conventional
M-mode and 2-d echocardiographic LVM determinations suffer from acquisition angula-
tion error and throughput limitations, respectively. We, therefore, developed a cylindrical
hemiellipsoid "best slice" model (BSM) which tailors point to point (PTP) measurements
to an algorithm minimizing long axis oblique angulation and maximizing short axis and
apex-base length. Methods: We compared diastolic and systolic echocardiographic and
cardiac MRI LVM determinations in 48 patients (30 men, 18 women, mean age = 46)
undergoing both studies within a two week period. Models tested included: 1) standard
ASE M-mode (ASE), 2) angle-independent PTP modification of ASE (ASE-PTP) and 3)
2D echo planimetric mass by bullet formula (PLAN). Conclusions: 1) In all models tested,
end-systolic calculations correlated better than those at end-diastole; 2) BSM had higher
correlation and less error than other PTP methods, and was comparable to planimetry in
both accuracy and error; 3) Traditional ASE M-mode was inferior to 2-d PTP and plani-
metric models. Therefore, end-systolic BSM calculations, with higher correlations than
ASE and the potential for increased throughput over planimetry, should be considered in
epidemiologic and therapeutic investigations targeting LVM.
1112-149 Does Use of Harmonic Imaging Increase the Yield of 
Echocardiographic Left Ventricular Mass 
Measurements on a Population Basis? The Strong Heart 
Study
Richard B. Devereux, Marcello Chinali, Jennifer E. Liu, Mary J. Roman, Lyle G. Best, 
James Galloway, Elisa T. Lee, Barbara V. Howard, Weill Cornell Medical College, New 
York, NY
Background: introduction of harmonic imaging has been accepted as improving the
quality of clinical echocardiograms but no data exist on a population basis concerning its
ability to reduce the frequent problem of inability to obtain left ventricular (LV) measure-
ments by echocardiography in overweight or elderly adults.
Methods: we compared the yield of linear measurements needed to measure LV mass
and fractional shortening between the second exam of the population-based Strong
Heart Study (SHS-2) in 1993-1995 with fundamental imaging and Strong Heart Family
Study (SHFS) in 2001-2003 with harmonic imaging. Echocardiograms were read by iden-
tical procedures with verification by highly-experienced echocardiographers.
Results: SHS-2 and SHFS participants 50-79 years of age (n=3,185 and 716, respec-
tively) were similar in age (both 61±7 years), gender (63 vs 65% women) and diabetes
prevalence (49 and 48%) but the SHFS participants studied by harmonic imaging were
heavier (body mass index 32.7±8.9 vs. 31.1±6.3 kg/m2, p<0.001) and had higher preva-
lence of hypertension (61 vs 49%, p<0.001). The yield of needed LV measurements
increased from 2,901/3,185 (91%) to 680/716 (95%, p<0.001) in the entire population
and rose similarly in the age ranges 50-59 (93% to 97%), 60-69 (90% to 94%) and 70-79
(88 to 92%)(all p<0.01). LV measurement yield was also higher with harmonic imaging in
obese participants (BMI>30 kg/m2, 93% vs 90%) and in normal to overweight partici-
pants (98% vs 93%)(both p<0.05).
Conclusion: introduction of harmonic imaging has increased the yield of LV measure-
ments needed to quantitate LV geometry and function on a population basis, including
elderly and obese adults, which have posed a particular challenge to echocardiography.
1112-150 Regional Spectrum of Tissue Doppler-Derived 
Myocardial Acceleration During Isovolumic Relaxation 
and Its Relationship to Peak Filling
Ikuo Hashimoto, Brent J. Barber, Michael Jones, Xiaokui Li, David J. Sahn, Oregon 
Health & Science University, Portland, OR, National Heart, Lung & Blood Institute, 
Bethesda, MD
Background: This study evaluated the regional distribution of peak diastolic myocardial
acceleration (pACC) and its relationship to left ventricular (LV) pressure and peak nega-
tive dP/dt (-dP/dtmax) as indices of diastolic function.
Methods: We examined 8 sheep by using 2D high frame rate digital tissue Doppler imag-
ing (GE/VingMed Vivid FiVe) in apical 4-chamber cineloops to evaluate mitral valve annu-
lar velocity at septum and LV lateral wall. pACC derived from tissue Doppler
echocardiography was analyzed during isovolumic relaxation (IVRT) and LV filling period
(LVFP) from both sides of mitral valve annulus. After scanning in a baseline condition, we
changed hemodynamic status by blood administration, dobutamine and metoprolol infu-
sion. We compared the difference of pACC during IVRT and LVFP over these different
conditions with -dP/dtmax measured with a high frequency manometer tipped catheter.
Results: pACC of septal mitral valve annulus during IVRT showed a good correlation
with -dP/dtmax (r = 0.80, p < 0.0001) and varied little on blood loading. Mean LAP corre-
lated well with pACC of septal mitral valve at annulus during LVFP (r = 0.80, p < 0.0001),
but less with lateral wall.
Conclusions: Septal annulus pACC during IVRT appears to be a sensitive, preload
independent marker for evaluation of LV diastolic function, and pACC during LVFP corre-
lated well with mean LAP; combining the parameters should be especially useful.
1112-151 Digital Velocity Propagation Time Compared to Color M-
Mode to Assess Flow Propagation Across the Left 
Ventricular Inflow: An In Vitro Study
Mark Trinh, Donald R. Stevens, Laura M. Nugent, Xiaokui Li, Aarti Hejmadi Bhat, David J. 
Sahn, Oregon Health & Science University, Portland, OR
Background: The purpose of this study was to determine the accuracy of color M-Mode
(CMM) in measuring the actual wavefront of flow propagation velocity (WFFPV) of mitral
valve inflow and test the relationship with rate of inflow in a balloon model.
Methods: Variably compliant latex balloons were used to model the left ventricle and
were connected via a wide inlet to a pump, which generated pulsatile flow. This balloon
was then submerged in a water bath and a transesophageal probe was positioned near
the apex. CMM images were obtained under 2D color flow guidance at 10 different stroke
volumes (SV, 20 ml to 40 ml) and heart rates (HR, 40 bpm to 70 bpm) to assess WFFPV.
Microbubbles were used as a contrast agent to visualize particle tracks at the wavefront
of the inflow so as to directly compute reference WFFPV. Classically defined M-mode
rates as well as derived velocity time upstroke propagation time were compared.
Results: Filling flow rate (SV x HR) correlated well with the WFFPV as estimated by the
bubble technique (r=0.94); correlation with balloon stroke volume was poor for color
(r=0.62), but much better for direct velocity upstroke propagation (r=0.86).
Conclusions: CMM can be used to assess the WFFPV, but, in this in-vitro model, it
appeared to underestimate the actual WFFPV.
1112-152 Strain Rate Imaging for Identifying Tissue Torsion in 
Myocardial Segments: An In Vitro Model Study
J. Salvador de la Cruz, Amariek J. Jensen, Sarah L. Nelson, Nick W. Liu, Xiaokui Li, Aarti 
Hejmadi Bhat, Muhammad Ashraf, David J. Sahn, Oregon Health & Science University, 
Portland, OR
Background: The Torrent-Guasp theory hypothesizes that left ventricle is formed from a
myocardial band twisted into a descending inner band and an ascending outer band that
run orthogonal to each other and overlap in the septum. We attempted to identify the dif-
ference between the twisted and nontwisted segments of myocardium in a dynamic
model.
Methods: We used a strip of fresh lean beef (2.5 x 2.5 x 12.5 cm) attached to a Travenol
cardiac rotational pump and pulley in a water bath. The sample was twisted on one end
at different cycle rates (12, 26, 40 rpm) and different degrees of rotation (45°, 90°). Tis-
sue Doppler imaging was performed with a GE/VingMed Vivid 5 with a 2.5 MHz trans-
LV Mass Correlations: Echocardiography v. MRI
Model Cardiac Timing Pearson Correlation 95% CI SEE
ASE End-diastole 0.71* 0.53-0.83 55g
ASE-PTP End-diastole 0.74* 0.63-0.87 39g
ASE-PTP End-systole 0.78* 0.65-0.88 38g
PLAN End-diastole 0.82* 0.68-0.90 32g
PLAN End-systole 0.87* 0.76-0.93 25g
BSM End-diastole 0.79* 0.65-0.88 30g
BSM End-systole 0.85* 0.74-0.91 25g
*p < 0.0001
